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Abstract 
Efficiency of organic photovoltaic cells, based on electron donor/electron acceptor junctions (ED/EA) could be 
strongly improved when the transparent conductive anode, is covered with a thin anode buffer layer (ABL) such as 
Au or MoO3. To study the influence of the HOMO (Highest Occupied Molecular Orbital) value of the organic 
material on the effectiveness of the anode buffer layer (ABL), different ED have been probed: pentacene, copper 
phthalocyanine (CuPc), tetraphenyldibenzoperiflanthene (DBP) and , poly(benzo[c]thiophene-2-oxide) with 5 eV, 5.2 
eV, 5.5 eV and 5.52 eV as HOMO value respectively. The effects of a metal (Au) or an oxide (MoO3) ABL are 
reported. The results indicate that the improvement of the cells performance depends on the value of the ABL work 
function. A good matching between the work function of the anode and the highest occupied molecular orbital of the 
organic electron donor is the most important factor limiting the hole transfer efficiency. It is shown that the MoO3 
oxide has a wider field of application as ABL than the Au metal. 
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1. Introduction 
Organic photovoltaic cells (OPV cells) have attracted much attention due to their adjustable molecular 
properties and flexibility. They are based on bulk heterojunctions (BHJ) [1] or multilayer heterojunctions 
[2]. Usually, the active film thickness is of 100 nm or less, therefore, the OPV cells performance is 
governed by interface properties. As a consequence, whatever the OPV family, it is necessary to use 
buffer layers at the interface organic materials/electrodes. In particular, the importance of the carrier 
transition between organic electron donor (ED) and transparent conductive anode has been highlighted in 
various publications [3-6]. Usually, the transparent conductive anode is a tin doped indium oxide film 
(ITO). One solution is to insert an ultra thin gold film between the ED and the ITO anode [7], another 
possibility consists in inserting a thin molybdenum oxide (MoO) film [8]. These anode buffer layers 
(ABL) have been proved to be very efficient when the electron donor is the copper phthalocyanine 
(CuPc). In the present work, they have been probed with different electron donors, which have different 
highest occupied molecular orbital (HOMO) energy values. We show that the behaviour of the metal 
ABL is different from that of the oxide layer. Indeed, we show that the effectiveness of the metal gold 
film as ABL depends strongly on the HOMO energy value of the ED, i.e. on the agreement between the 
metal work function (FM) and the HOMO, while the MoO3 appears more universal. 
2. Experimental 
In the case of the multilayer heterojunctions family the organic materials are usually deposited by 
vacuum sublimation of small organic molecules. In the organic donor/acceptor couple used in the present 
work the donor was the fullerene (C60). The exciton blocking layer (EBL), between the electron acceptor 
and the cathode was the bathocuproine (BCP). The electrodes were indium tin oxide (ITO), for the anode, 
and aluminium for the cathode. The Al electrode was deposited through a mask with 2x10 mm2 active 
area. Also a protective coating layer, an amorphous selenium layer, was vacuum evaporated. The 
selenium coating layer (P) has been proved to be efficient to protect the under layers from oxygen and 
water vapour contamination [9], at least during the first hours of room air exposure [10]. 
After chemical cleaning, ITO coated glass substrates were introduced into the vacuum deposition 
apparatus. All the films have been deposited from tungsten crucibles without breaking the vacuum (10-6 
mBar). The deposition rate and thickness have been measured in-situ using a quartz monitor. 
We have shown that an ultra-thin (0.5 nm) Au film and or a thin (4 nm) MoO3 film introduced between 
the anode and the organic material can be used to improve the devices performances [7, 8], and we have 
used them as ABL in the OPV cells studied here.  
To study the influence of the HOMO level of the electron donor on the effectiveness of the anode 
buffer layer (ABL) different ED have been probed: pentacene, copper phthalocyanine (CuPc), 
tetraphenyldibenzoperiflanthene (DBP) and poly(benzo[c]thiophene-2-oxide) with 5 eV, 5.2 eV, 5.5 eV 
and 5.52 eV as HOMO value respectively (Scheme 1).  
Therefore the OPV cells were glass/ITO (100 nm)/ABL/ED/C60(40 nm)/BCP (9 nm)/Al(100 nm), with 
ABL = Au (0.5 nm) or MoO3 (3 nm) and ED = pentacene, CuPc, DBP and poly(benzo[c]thiophene-2-
oxide). The thickness of the different ED thin films has been optimized during the present work. 
Electrical characterizations were performed with an automated I-V tester, in the dark and under 1 sun 
global AM 1.5 simulated solar illumination. Performances of photovoltaic cells were measured using a 
calibrated solar simulator (Oriel 300W) at 100 mW/cm2 light intensity adjusted with a PV reference cell 
(0.5 cm2 CIGS solar cell, calibrated at NREL, USA).  Measurements were performed at an ambient 
atmosphere. All devices were illuminated through TCO electrodes. 
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Scheme 1. Chemical structure of the different electron donors used: a = tetraphenyldibenzoperiflanthene, b = CuPc, c = pentacene, d 
= poly(benzo[c]thiophene-2-oxide). 
3. Results and Discussion 
The J-V characteristics of typical devices under illumination of AM1.5 solar simulation (100 mW/cm2) 
are shown in Figures 1 and 2.  
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Fig. 1. J-V characteristics under illumination of AM1.5 solar simulation (100 mW/cm2) for classical cells grown in the same run 
with different ABL: ITO/Au/pentacene/ C60/BCP/Al (-Δ-), ITO/MoO3 /CuPc /C60/BCP /Al (--). 
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Fig. 2. J-V characteristics under illumination of AM1.5 solar simulation (100 mW/cm2) for classical cells grown in the same run 
with different ABL: ITO/Au/DBP/C60/BCP/Al (- - -), ITO/MoO3 /DBP /C60/BCP /Al (--□--). 
It can be seen from Figure 1 and 2 that, if MoO3 is efficient as buffer layer whatever the HOMO of the 
ED is, it is not the case of Au. This is confirmed by the results presented in Table 1. Indeed, Au is 
efficient only with ED which HOMO is around 5 eV, that is to say with HOMO energy values close to the 
gold work function value (ΦAU = 5.1 eV). 
 
Table 1. Photovoltaic performance under AM1.5 conditions of devices, with different anode configurations, using  Pentacene, DBP, 
CuPc and T3PM as electron donor. 
Electron donor 
HOMO (eV) 
Anode 
configuration 
Jsc 
(mA/cm2) 
Voc 
(V) 
FF 
(%) 
η 
(%) 
Pentacene 
5 
ITO/Au 6.20 0.35 47 1.0 
ITP/MoOx 6.60 0.33 45 0.95 
CuPc ITO/Au 7.07 0.48 55 1.87 
5.2 ITO/MoOx 7.45 0.47 54 1.88 
DBP 
5.5 
ITO/Au 0.18 0.3 24 0.013 
ITO/MoOx 3.00 0.76 38 0.88 
poly(benzo[c]thiophene-
2-oxide)      5.52 
ITO/Au 0.55 0.08 28 0.012 
ITO/MoOx 7.2 0.50 35 1.25 
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We have checked the morphology of the films deposited onto gold buffer layer. Typical surface 
visualizations are presented in Figure 3. It can be seen that the DBP films are, at least, as homogeneous as 
the CuPc films deposited onto similar Au/ITO structures. Therefore the different behaviours of the cells 
with Au buffer layers cannot be explained by difference in the ED film homogeneity.   
The different behaviour presented above may be more probably discussed from the quality of the band 
matching at the interface anode/ED. 
 
      
 
Fig. 3. Surface visualization of a CuPc (a) and a DBP (b) film deposited onto a gold buffer layer. 
As a matter of fact, a desired hole-extraction contact should provide a good energy-level alignment 
with the adjacent ED layer. Many studies have shown that a strong correlation exists between the anode 
work function, the HOMO energy value of the ED and the hole collection barrier at the anode/ED 
interface. The simple Mott-Schottky model, proposes that the barrier height equals the difference between 
the work function of the anode (φA) and the HOMO value of the ED. However the Mott-Schottky limit is 
rarely observed, since an interfacial dipole is often formed at the interface between the anode surface and 
the organic molecules, which tends to pin the Fermi level and the effective barrier height deduced from 
the Mott-Schottky model is modified by this dipole [6]. However, many studies have experimentally 
demonstrated a strong correlation between the metal work function and the barrier Φb for hole exchange 
at anode/organic electron donor interfaces [12, 13]. From the experimental study presented above, it 
appears that, as predicted by the Mott-Schottky model, the gold buffer layer, which work function is φAu = 
5.1 eV, is efficient as ABL at the interface anode/ED, when the HOMO energy value of the donor is 
around 5 eV (HOMO pentacene = 5 EV, HOMO CuPc = 5.2 eV) that is to say  when there is a good band 
matching at the interface. However, when φAu is smaller than the HOMO of the ED, there is no good band 
matching, the short circuit current and the fill factor of the J-V characteristics are small, which induces 
small OPV cells efficiency. Therefore this result confirms that, the classical Schottky-Mott model allows 
anticipating, at least roughly, the behavior of the contact, even if some dipole effects are often present. A 
good correlation between the “metal/buffer layer” work function and the barrier height for hole exchange 
at anode/organic electron donor interfaces is obtained, as expected by the model.  
 The behaviour of MoO3 is different. It is an insulator or at best a semiconductor and there is no 
simple alignment of the work functions at the interface ITO/MoO3, as it is the case for a contact 
“degenerated semiconductor/metal” (ITO/Au). Moreover the values of its work function, its electronic 
affinity and its ionisation potential give rise to a debate [14 – 17]. It seems that they depend on the 
technique of measure used and especially on conditions in which they are made. Of more, the “history” of 
the MoO3, its contact or not with the surrounding air, its technique of deposition and thus its composition, 
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influence largely these values. So it passes from 6.8 eV to 5.2 eV after air contamination [18, 19]. Also it 
varies from 6.8 eV to 5.9 eV when its composition changes of MoO3 in MoO2.5 [17].The MoO3, when it is 
used as buffer layer, is often deposited by evaporation and it is known that the evaporated MoO3 layers 
are deficient in oxygen.  
However, all these MoO3 buffer layers, whatever their work function, are very efficient as buffer layer 
at the interface anode/ED. For instance, we have shown that not only evaporated [8], but also 
electrochemically deposited MoO3 [20]¸ improve strongly the OPV cells performances (Figure 4). It is 
nevertheless clear that evaporated MoO3 films present properties of surface rather different from those of 
MoO3 deposited by electrochemistry.  
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Fig. 4. J-V characteristics under illumination of AM1.5 solar simulation (100 mW/cm2) for classical cells grown in the same run 
with different MoO3 buffer layers: ITO/evaporated MoO3/CuPc/C60/BCP/Al (--), ITO/electrochemical MoO3 /CuPc /C60/BCP /Al  
(-▲-) and without MoO3. (--□--). 
It thus seems clearly that beyond the presence of the dipole of interface, susceptible to compensate 
partially for the differences of surface properties of the MoO3 buffer layer, other properties, independent 
from the surface of the films, are essential when in efficiency as buffer layer of these MoO3 films. For 
instance, MoO3 bulk properties should play an important role in the adaptation of the band structure of the 
contact anode/ED, such as in a MIS structure (Metal-Insulator-Semiconductor structure). 
4. Conclusions 
Therefore it can be concluded that, while, whatever the HOMO energy value of the ED, the MoO3 is 
efficient as buffer layer between the anode and the ED, it is not de case of Au. Indeed, Au is only efficient 
with ED which HOMO energy value matches the Au work function. Such different behaviours are 
attributed to fact that Au is a metal and MoO3 is not. However, the role of the oxide is not clearly 
understand. The amplitude of the dispersal of the results concerning the values of IP (ionisation potential), 
EA (electron affinity) and ΦM (work function) of MoO3 justifies that several models can be proposed to 
interpret the experimental results. It is likely that the contradictory results of the diverse teams are due to 
the different experimental conditions used for these studies, as well as regards the conditions of 
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depositions as those of measures. Nevertheless, whatever the properties of the used MoO3, whether it is 
deposited by evaporation under ultra high or classical secondary vacuum, by using a Knudsen cell or a 
simple metallic crucible, by electrochemistry or, by sol-gel process, whether it is more or less oxygen 
deficient, it is always effective as buffer layer. It means probably that, if IP, EA and ΦM of MoO3 are of 
importance, others properties are also determining for its use as buffer layer. Works are under way in the 
laboratory for a better understanding of the MoO3 effect. 
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